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1. pers onnel 
Observations, data reduction and interpretation of results contri- 
buting to this research are performed by Principal Investigator R, E, 
McCrosky and Co-Investigator B. G. Marsden, assisted by members of their 
research groups. 
- 
2. Be cent Obse rvat ions and Commtations 
Observations are made with the 155-cm reflector at the Oak Ridge 
Observatory. Since the last semiannual report (issued in November 1988) 
there have been 20 observations of comets, 146 of numbered minor planets 
and 135 of minor planets that were unnumbered at the time of observation. 
The orbit computations made during this period mainly applied to new 
discoveries, which have recently been exceptionally numerous. 1989 has 
already produced five new Apollo objects, and the new-moon period in early 
January produced a record six new comets. 
. 
3 .  List of Observat ions - 
Pages 2-64 list the complete set of observations made during this 
project. Times are in UT and the R.A. and Decl. referred to the standard 
equinox B1950.0. The 7895 observations have all been published on the 
Minor Planet Circ ulars, and some were also on the IAU Circulars. 
There are 1332 observations of comets (indicated with an initial / ) ,  5311 
of numbered minor planets and 1252 of minor planets currently unnumbered. 
1 
N 


ORIGINAL PAGE IS 
OF POOR QUALIbf 



m 
m cr 4 s m m w m P' v o m  m m 
~ m m o ~ ~ o o m s d w . + m s o m  
w w ~ s m ~ m ~ r m v o v m m m m  
m ~ w w ~ m m m o m m m ~ r o N w  
s ' L ~ o ~ N N N N N , + . + ~ ~ o o ~ ~ ~  
. . . . . . . . . . . . . . . . .  
0 . 4 m N m N N m N v N U 7 N O 4 4 s  
? - 4 * S - - T m - I O W ? S W N m e m N O  
O N 4 0 0 0 0 0 0 0 0 0 0 0 N N N  
m o m m m r d m w w o m  
m v m f - m r ~ m m w m m  
m ~ m o m ~ ~ m m o r m  
U ? - l W f - N N N O m m O W  
O W N 4 N N O O O O O N  . . . . . . . . . . . .  
r n ~ m o ~ w m r ~ v w ~  
T ~ P . + ~ - N N . + ~ N ~  
N N d N N N 4 N N N - 4  
0 0 0 . 4 4 4 ~ ~ 0 0 0 0  
~ m ~ r ( w m r  
~ w o w m m m  
m w m m m m w  
m m O O N m N  
d d N O N N 4  
N P r ( N - - T ' L n l D  
r ( r ( O N 0 0 0  
. . . . . . .  
o o m m o o o  
r ( 4 0 0 4 4 r l  


N 
4 
N P O O V M  
l n a d N O 4  
r ( - r o m t n l n  
w r l m ~ ~ m  
O m F l T m V  
N O N m M N N  XP P P - 1  rl 
+ + + + + +  



W 
4 
I- 
4 


0 
N 
rl 
N 
- ~ - - - - - ~ ~ - - - - - - - - - - ~ - - - N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N ~ ~ ~  
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  
N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N  
N 
N 
m 
N 
w 
N 
VI 
N 
v) 
N 
r 
N 
O - - ~ - ~ N N N N N N W m ~ ~ ~ ~ r P P r r r P r r r r r r r r W m w O N N N N m m i i d i i i ~ ~ ~ W r r m W W m W m m m  
N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N  
N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N  
w w w w w w w w ~ w w w w w w w w w w w w w w w w w w w w w w w ~ w w w r r r r r r r r r r r r r r r r r r r r r r r r r r r  

m 
N 
0 
m 
. 
.-I 
m 


O 
m 
m 
m 
W 
m 
r 
m 

m 
M 
. 
I- 
N 
0 
0 * 
0 
0 




W 
1 



0 
v) 

N 
In 
m 
v, 
i 
In 


~ w w w w ~ m ~ w ~ m ~ m ~ m d w ~ w d m o o w d ~ m d w ~ ~ ~ o o w ~ ~ m m w o d w ~ ~ r ~ ~ o o ~ ~ o d d m w ~ ~ ~ m ~ ~ ~ . i ~ ~ n m  
~ ~ ~ ~ ~ w m ~ m r ~ d w w m ~ w ~ w ~ w r w ~ ~ d m ~ w ~ d ~ d ~ d w ~ ~ d m ~ o m m ~ ~ ~ w o m o r w ~ ~ ~ o o r w r w o w m ~ m w w  
m o ~ w ~ w m m w w m ~ ~ ~ ~ ~ ~ m ~ ~ ~ m ~ w w d m ~ ~ ~ ~ m r l ~ ~ ~ m w r l w ~ ~ - r w m ~ m m ~ ~ ~ ~ ~ ~ ~ w ~ ~ o ~ o m o  
~ ~ ~ ~ ~ ~ ~ m ~ r r ~ ~ w w w w ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ m m ~ m o ~ ~ m m m w w w w w w w w w ~ ~ d o ~ r ~ ~ w w w w ~ m ~ m m w w ~ w m m m ~ ~  
~ ~ ~ ~ ~ ~ ~ ~ m m ~ ~ ~ d ~ ~ o o o o o o ~ d d d d ~ d d ~ o o o o o o o o o o m m ~ ~ ~ ~ ~ ~ ~ o m ~ o ~ ~ ~ o ~ ~ o o ~  
+ + + + + + + 1 + + + + + + + + + + + + + I + + + + + + + + + + + + + + + + + + + + + l + + + l 1 + + 1 1 1 + + + 1 + + 1 + + 1 + ~  
m I- VI w (v VI m m m m rl N w w w m N N m N r d m m r w o N d o N d VI w d m w m w -r d VI N w w rn o r  w N r N in w cn .+ -s ~3 rl v N m 
m ~ m m ~ m ~ ~ r m d r ~ m d ~ ~ ~ ~ w m ~ ~ ~ ~ r r d m w d ~ w ~ o d r ~ w m d m o o d r ~ d o ~ ~ ~ r r ~ m ~ ~ ~ ~ m ~ ~ ~ w m  
~ r ~ m ~ ~ ~ ~ m ~ ~ ~ r ~ ~ ~ m m ~ m ~ ~ ~ o o ~ m ~ m ~ ~ ~ w m ~ ~ o m m ~ o o ~ ~ m m w o ~ o ~ ~ m ~ ~ m w w w w ~ m ~ m m  
~ ~ ~ ~ m m ~ r ~ ~ ~ ~ ~ ~ ~ ~ ~ m m w ~ ~ ~ ~ ~ m ~ d ~ d m m o m d r w ~ ~ m r w ~ m m w ~ ~ o ~ ~ w o - r m w m m o w m ~ m r o o ~ m m  
o o ~ 1 d d 0 m d d ~ d ~ 0 d m 0 d d r l r l ~ V I m m m m m N m N V I o o o o o o d V I V I V I m o m N o o ~ ~ ~ 0 d ~ 1 ~ o ~ ~ ~ i ~ r l m o m  
m w r w w ~ m o m m r r ~ ~ ~ w o o o o m m o o o o o d o o ~ d d d d d d o o o ~ m m w d ~ m w ~ ~ ~ m o ~ m ~ ~ ~ ~ ~ ~ m r ~  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
O O m V I m m N d N m N V I N O V I V I V I N N V I m d d V I N d O N d d m ~ N d ~ V I m N m ~ N m V I d m V I O m N d ~ d O d d W d r l ~ ~ ~ N ~  
N d V I d ~ d ~ d V I V I d O r l d ~ N N N N N ~ O O O V I O O V I N O r l d ~ ~ N ~ ~ O V I ~ V I r l V I O ~ V I N ~ V I ~ O O r l N ~ O ~ ~ O ~ N ~ d C  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
d m O N ~ O N ~ N N d ~ V I D D ~ ~ ~ d N ~ N ~ ~ N ~ ~ N V I ~ ~ V I O O N N ~ d O d ~ ~ d N d N d d d V I d O d d m O O O ~ ~ d O ~  
O O O O O O O d O O O O O O O O d d d d O O d d d d d d d d d d d d d d d r l d d d O O O N r l O O d d N O O ~ ~ ~ C ~ ~ ~ ~ ~ N N ~ ~  
~ r ~ m m m ~ ~ m w ~ m ~ r w d r m ~ d m o m d d d r l w ~ ~ m ~ ~ ~ w ~ d w ~ r m m d o w ~ ~ ~ m ~ ~ w ~ ~ o ~ w ~ w ~ ~ ~ m r r r w m  
m m ~ ~ w ~ w m ~ m o ~ ~ ~ o m ~ m w m ~ o ~ ~ ~ d m o m m m o r l m o ~ m o - r w r l ~ ~ w m ~ m ~ w r ~ w ~ ~ m m w m o o ~ ~ m w  
~ ~ ~ ~ m ~ ~ m w m ~ d ~ ~ . i w m r ~ ~ m m ~ ~ ~ o d m r m r w w ~ ~ m w m w w m w o m m d ~ w r ~ r l o ~ m r m r ~ ~ m w ~ m ~ m ~ o m  
~ ~ ~ m r r w ~ d w d r V I r d O ~ V I r l O O ~ d d o O O ~ r l ~ W P ~ d N ~ d N w V I V I w d r o w w ~ d m ~ ~ o o ~ ~ ~ d m m d d ~ m r w  
N ~ O N N O ~ ~ N ~ ~ N O ~ ~ N ~ N ~ ~ N N N ~ N ~ ~ ~ ~ ~ ~ N N N N N N ~ ~ ~ ~ ~ N N ~ N ~ N O ~ N ~ N N ~ ~ ~ N ~ , + ~ ~ ~  
m ~ o ~ w ~ ~ ~ ~ ~ m ~ m ~ ~ m m ~ w w o m m ~ m ~ m m w ~ m o ~ m o ~ m o w ~ o m r m ~ o ~ w ~ m m ~ m ~ r ~ ~ r ~ w ~ ~ w  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
O d r l N N N N N r l r l O d r l d d O d d d d d d d r l d d d d d d r l d d d d d d N r l r l r l N r l r l N N N N O ~ d N N r l O d d d d ~ O d ~  
n N m d d d d ~ N N N N N N m N N N N N m N N N N N N N N N N N N N N m m m m m m ~ V I V I V I r l N N Q d d N W w w N O m w w w W O d m m ~  
000000000000000000000000000000000000000000000000000dd00000dd000 
w w ~ m w ~ w ~ w w m w ~ w m w w w w w m ~ w w w w w w ~ ~ ~ w w w w m w w w w w w w w w ~ ~ w w w w w ~ w m ~ w w w ~ m w w  
m m m m m m m m m m m m m m m m m m m m m m m m m m m m m m m m m m m m m m m m m m m m m m m m m m m m ~ m m m m m m m m m m  
r l d d r l d d d r l r l d r l r l d d d d d d d d d d ~ d r l d d d d d d d d d d d ~ r l ~ r l d d d d r l r l d d ~ d d d ~ r l d d d d d d d d d  
O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O W ~ ~ ~ P O N N W W O d ~ ~ O O O O ~ ~ O O O  
u u u x  u x u  C U  u u u * u c *  u U u * *  u u u  
N N  
r 
In 

ORIGINAL PAGE IS 
OF POOR QUALITY 
m 
VI 

X C C C U C C U U  U U U C U X U  u u u  U U C C U U C  u * u u  
' N  
w 
. 

